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(57) ABSTRACT

The mvention concerns a cardiac pacemaker comprising a
stimulation pulse generator (RVP; LVP) for biventricular
stimulation of a heart, which 1s to be connected to at least
one right-ventricular electrode for the stimulation of a right
ventricle of the heart and to at least one left-ventricular
clectrode for the stimulation of a left ventricle of the heart
and 1s connected to a control unit and 1s adapted to trigger
right-ventricular and left-ventricular stimulation pulses with
an mterventricular delay time which 1s adjustable by means
of the control umit. The mvention 1s characterized 1n that the
control unmit 1s connected to an impedance detection unit
which 1s to be connected to intercardiac electrodes and 1s
adapted to form from an input signal formed by the 1mped-
ance detection unit and dependent on the intracardiac imped-
ance, an output signal indicating an optimum biventricular
stimulation mode.

20 Claims, 4 Drawing Sheets
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BIVENTRICULAR CARDIAC PACEMAKER
FOR CARDIAC RESYNCHRONISATION
THERAPY

The mvention concerns a cardiac pacemaker comprising
a stimulation pulse generator for biventricular stimulation of
a heart. The stimulation pulse generator 1s to be connected
to right-ventricular electrodes for the stimulation of a right
ventricle of the heart and to left-ventricular electrodes for
the stimulation of a left ventricle of the heart. Instead of a
stimulation pulse generator, it 1s also possible to provide two
separate stimulation pulse generators for the right and left
ventricles. The cardiac pacemaker also has a control device,
for example 1n the form of a control unit, which 1s connected
to the stimulation pulse generator or the ventricular stimu-
lation pulse generators and which 1s adapted to control
biventricular stimulation modes and 1n particular an inter-
ventricular delay time which 1s adjustable by the control
device, with which nght-ventricular and left-ventricular
stimulation pulses are to be triggered 1n time-delayed rela-
tionship.

BACKGROUND OF THE ART

Pacemakers of that kind for biventricular stimulation are
basically known and are employed 1n particular for cardiac
resynchromzation therapy (CRT).

Cardiac pacemakers generally serve to stimulate 1n par-
ticular a human heart to perform contractions by means of
clectrical stimulation pulses when such contractions do not
occur or do not occur at the correct time, 1n a natural manner.

It 1s known to establish moments in time or time windows
at which such a cardiac pacemaker expects a natural con-
traction. If a natural contraction of that kind occurs, an
artificial stimulation pulse 1s generally suppressed (inhib-
ited), which otherwise 1s delivered at the most appropriate
moment 1n time. It 1s also known, under given circumstances
and depending on the mode of operation of the cardiac
pacemaker, to deliver a stimulation pulse at any event,
irrespective of whether a natural contraction 1s or 1s not
detected. The pacemaker operating modes related thereto are
uniformly internationally identified by the third letter of a
three-letter code such as “VVI” or “DDD”.

Suitable moments 1n time can be ascertained 1n various
different ways. For example, the physiologically suitable
times for a contraction of the right ventricle of a heart can
be ascertained by sensing the right atrium of a heart. The
natural or the stimulated contraction of the right ventricle
takes place after an atrio-ventricular delay time which 1s
such as to aflord a pump eflectiveness which 1s as optimum
as possible due to the contraction of the atrtum and the
ventricle which occur 1n succession 1n respect of time.

In addition 1t 1s also known i1f necessary to stimulate the
atrium.

The heart rate which 1s predetermined by the pacemaker
can 1n all cases be denived artificially from a measurement
value which 1s characteristic 1n respect of the physiological
demand of a patient 11 1t 1s not predetermined 1n the case of
atrtum-synchronous stimulation by a natural and healthy
atrial rhythm. In that respect the physiological demand
depends on a condition of exertion or excitation on the part
of the patient. In the case of a rate-adaptive pacemaker of
that kind, physiologically adequate determination of a
stimulation rate can also be eflected by determining the
intracardiac impedance for a respective cardiac cycle and
deriving a suitable stimulation rate from that impedance
value.
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The indicated operating modes generally concern pace-
makers which are either adapted to record excitation poten-
tial 1 the right ventricle and deliver stimulation pulses to a
right ventricle or additionally also to record excitation
potential in the right atrium and possibly deliver stimulation
pulses to the right atrium. The pacemaker operating modes
related thereto are internationally uniformly 1dentified by the
three-letter code such as for example DDD or VVI.

In recent times, besides the right atrmum and the right
ventricle, the left ventricle 1s also stimulated. That 1s fre-
quently eflected simultaneously with the right ventricle, but
can also take place with a certain delay relative to the left
ventricle. A cardiac pacemaker therapy for the heart, which
1s linked thereto, 1s referred to as cardiac resynchronization
therapy (CRT).

A biventricular pacemaker 1n which the interventricular
delay time 1s adjustable and which evaluates a measured
bioimpedance of the patient 1s known from US Patent
Publication No 2001/0012953.

The mvention relates 1n particular to the aspect of opti-
mum biventricular stimulation, which can supplement all the
above-indicated aspects of a pacemaker. The object of the
invention 1s 1n particular to provide a pacemaker for opti-
mized cardiac resynchronization therapy.

SUMMARY OF THE INVENTION

In accordance with the invention, that object 1s attained 1n
that the control unit of the pacemaker of the kind set forth
in the opening part of this specification 1s connected to an
impedance detection umit which 1s to be connected to
intracardiac electrodes for the purposes of impedance mea-
surement. The impedance detection unit 1s adapted to form
an output signal indicating an optimum biventricular stimu-
lation mode, from an 1put signal which 1s formed by the
impedance detection unit and which 1s dependent on the
intracardiac impedance, more specifically by the control unit
being adapted to adjust that interventricular delay time, to
indicate that electrode position, or to indicate that umiven-
tricular or biventricular stimulation mode, at which the
second derivative of the pattern of the intracardiac imped-
ance during a cardiac cycle or the intracardiac impedance
averaged over a plurality of cardiac cycles 1s at the greatest.

In a preferred variant, the control unit 1s adapted to form
an output signal determining the interventricular delay time.
Besides the interventricular delay time, a respective biven-
tricular stimulation mode 1s also determined by whether both
ventricles are stimulated in any case, or only one of the two.
In that sense, the control unit 1s adapted to ascertain for a
basically biventricular cardiac pacemaker whether 1t 1s addi-
tionally optimum to stimulate both ventricles and, if so, with
what delay time. If evaluation of the intracardiac impedance
by the control unit should show that only one of the two
ventricles 1s to be stimulated, the optimum ventricle 1s also
ascertained.

To determine the optimum biventricular stimulation
mode, the control unit 1s preferably adapted to trigger
various biventricular stimulation modes and to evaluate the
intracardiac 1mpedance for each stimulation mode. The
various stimulation modes differ 1n respect of whether no or
only a respective one of both ventricles (fake biventricular
stimulation, here also referred to as univentricular stimula-
tion) or both ventricles (genuine biventricular stimulation)
are stimulated. In the case of both ventricles being stimu-
lated, various sub-modes of the genuine biventricular stimu-
lation mode differ by virtue of mutually differing interven-
tricular delay times.
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The invention 1s based on the realization that how well the
left and right ventricles of a heart in biventricular cardiac
pacemaker therapy are synchronized with each other, in
particular 1n the context of resynchronization therapy, 1s to
be gauged from the intracardiac impedance, more specifi-
cally 1n particular the second dernivative thereof. It 1s from
that new realization that the teaching 1s derived, of evalu-
ating measurement results for the intracardiac impedance 1n
particular for the purposes of optimizing the interventricular
delay time. That makes 1t possible to automate not only
ascertainment but also adjustment of the parameters of an
optimum biventricular stimulation within a cardiac pace-
maker, by a control unit evaluating intracardially detected
impedance values and derniving therefrom a control signal
which determines the stimulation parameters, 1n particular
the 1nterventricular transconduction time.

As an alternative to cardiac pacemaker-internal, auto-
matic determination of the optimum biventricular mode, 1t 1s
also possible and provided that the control unit generates
from the measurement values for intracardiac impedance for
various interventricular delay times an output signal which
indicates the physiologically most appropriate one of the
various iterventricular delay times. That output signal 1s
preferably telemetrically transmitted to an external device
and displayed to a physician in each case together with the
associated biventricular stimulation mode, 1n particular the
interventricular delay time. The physician can then also
telemetrically optimally adjust the interventricular delay
time on the basis of the displayed output signals.

Preferably the interventricular delay time can be adjusted
at between 20 and 40 ms.

Alternatively or additionally the control unit 1s adapted,
with different electrode configurations or electrode posi-
tions, to derive corresponding output signals from the mea-
surement values in respect of intracardiac impedance. Those
output signals are preferably also telemetrically transmitted
to an extracorporeal device and displayed there. That makes
it possible for a physician for example, when already
involved in the operation of implanting the right-ventricular
and/or the left-ventricular electrode, to position it 1n the
optimum manner, having regard to the intracardially
detected impedance values.

In the case of electrode lines having a plurality of elec-
trodes which can be associated with the ventricular stimu-
lation generator, 1t 1s possible for the optimally effective
clectrode configuration to be determined by means of the
measured impedance values. That can be effected as
described hereinabove by a physician by means of external
programming of the optimum electrode configuration by
telemetric means. For that purpose the output signal ascer-
tained from the intracardiac impedance values by the control
unit 1s telemetrically transmitted to an extracorporeal device
and displayed there. However, the operation of determining
the optimum electrode configuration can also be effected
automatically within the cardiac pacemaker by the control
unit being connected to a selection unit for the ventricular
stimulation electrodes 1n question, and actuating that selec-
tion umt in dependence on the detected intracardiac imped-
ance values.

In alternative preferred embodiments, the control unit 1s
adapted to dernive precisely the output signal for adjusting
the optimum 1nterventricular delay time or alternatively an
output signal for determining an optimum electrode position
or configuration from the second derivative of the intracar-
diac impedance pattern of a cardiac cycle. Alternatively, the
control unit can also be adapted to derive the output signal
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referred to 1n the previously mentioned paragraph solely
from the maximum value of the impedance during a cardiac
cycle.

For intracardiac impedance measurement, 1t 1s preferably
provided that the impedance is ascertained by measuring a
voltage between two intercardiac electrodes. Those two
clectrodes are preferably disposed on various electrode
lines, more specifically on the one hand being associated
with the left ventricle and on the other hand with the right
ventricle. A measurement current which 1s the cause of the
above-mentioned voltage to be measured 1s preferably pro-
duced between two electrodes which are different from the
clectrodes for voltage measurement. Preferred electrodes for
introducing the preferably constant measurement current are
on the one hand the pacemaker housing and on the other
hand a further intercardiac electrode which 1s preferably
arranged on the electrode line of the right ventricle.

The current for impedance measurement 1s preferably of
a substantially constant current strength of between 100 and
500 mA, preferably 200 mA. The current for impedance
measurement 1s preferably specified i bi-phase current
pulses. The duration of a current pulse 1s preferably between
20 and 40 microseconds, particularly preferably being 30
microseconds. The current pulses are preferably repeated at
a repetition rate of between 100 and 1350 Hertz, preferably
being 128 Hertz.

The mmpedance detection unit 1s preferably adapted to
ascertain the impedance 1n a time window of between 50 and
300 ms 1n duration. That time window 1s preferably started
with the detection of a left-ventriculating event. A left-
ventricular event 1s for example a natural contraction of the
left ventricle or also a superthreshold stimulation pulse to
the left ventricle.

Preferably, the impedance detection unit 1s adapted to
detect an averaged impedance pattern over a plurality of
cardiac cycles. In that case, the respective stimulation mode
1s kept constant over the cardiac cycles to be averaged. The
detected intracardiac impedance pattern 1s preferably sub-
jected to low pass filtering by the impedance detection unit,

more specifically with an upper limit frequency of prefer-
ably 10 Hz.

The intracardiac impedance pattern obtained in that way
by averaging and low pass filtering 1s evaluated by the
control unit by the second derivative being formed from that
impedance pattern. On the assumption that the intracardiac
impedance pattern respectively retlects the volume of blood
in a heart, the maximum acceleration to which the blood 1s
subjected in the heart 1s to be gauged from the maximum of
the second derivative of that intracardiac impedance pattern.
That value can be correlated to contractility of the left
ventricle.

In addition, the impedance detection unit or the control
unit 1s adapted to determine one or more of the following
parameters from the intracardiac impedance configuration:

/.. as a base line for the impedance pattern,

/.- as the maximum 1mpedance occurring within a car-
diac cycle,

T, as the spacing 1n respect of time between a QRS
complex (beginning of the contraction of the heart) and
the moment in time at which the maximum intercardiac
impedance 7 ... occurs,

_ . as the minimum 1mpedance during a cardiac cycle,
and

nin S the period of time beginning with a QRS complex
to the occurrence of the minimum intracardial 1imped-
ance 7. ...

/

1
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In addition, the impedance detection unit or the control
unit 1s adapted to ascertain derived values from the above-
mentioned values, namely:
the difference (Z..~7-,) between the maximum 1mped-
ance 7. and the base line impedance 7.,

the difference (Z..~7._ . ) between the maximum detected
impedance 7 .. and the minimum detected impedance
/. (impedance vanation during a cardiac cycle), and

the quotient ((Z ~—2. )T ..) of the impedance variation
(7.7 ) and the time T.., and

the quotient (Zpo—7,.)To~T__.1Y), formed by the
impedance vanation (Z..~7 . ) divided by the difler-
ence (I.~T_ . )between T.cand T . .

the maxima 7' and Z" _ of the first and second
derivatives of the intracardiac impedance, and

the respective time spacings 1T' ~and T"  beginning

with a QRS complex to the moment 1n time at which a
maximum 1n respect of the first and second dernvative
respectively of mtracardiac impedance occurs.

In addition, the cardiac pacemaker 1s preferably in the
form of a dual-chamber cardiac pacemaker which includes
atrial and ventricular stimulation units as well as atrial and
ventricular detection units for detecting ventricular and atrial
events respectively.

In addition, the pacemaker 1s preferably in the form of a
rate-adaptive pacemaker in which the stimulation rate 1s
controlled by a measurement value characteristic of the
physiological demand of a patient.

Particularly preferred 1s a rate-adaptive cardiac pace-
maker in which the stimulation rate 1s adjusted on the basis
of evaluation of the intracardiac impedance. That concept 1s
known as closed-loop stimulation and 1s based on evaluation
of intracardiac impedance by integral formation.

Also preferred 1s a cardiac pacemaker having means for
detecting stimulation success (capture control). Those
means are preferably adapted also to respond to the intrac-
ardiac 1mpedance pattern.

For a cardiac pacemaker which aflords the presented
optimization of the biventricular stimulation mode by evalu-
ation of intracardiac impedance, in the situation where 1t
turther mvolves rate adaptation in the sense of closed-loop
stimulation (evaluation of the integral of intracardiac imped-
ance) and possibly also an impedance-based stimulation
success check (capture control), there 1s also the advantage
that a large number of procedures are controllable 1mn a

cardiac pacemaker, with an impedance detection unit.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will now be described 1n greater detail by
means of embodiments by way of example with reference to
the drawings 1n which:

FIGS. 1a and 15 each show an overview of a human heart
with implanted electrode lines and cardiac pacemaker con-
nected thereto,

FIG. 2 shows a schematic block circuit diagram by way
of example for a cardiac pacemaker as shown in FIG. 1, and

FIG. 3 shows a diagram of an intracardiac impedance
pattern with a representation of the parameters derived from
the 1ntracardiac impedance pattern.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

FIGS. 1a and 15 show a human heart 10 into which in
cach case a right-ventricular electrode line 12 and a left-
ventricular electrode line 14 1s intracardially introduced. The
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right-ventricular electrode line 12 1s provided at the distal
end with two electrodes, namely a tip electrode 16 and a ring
clectrode 18. The right-ventricular electrode line 12 can also
have 1n the region of the atrium atrial stimulation and
sensing electrodes which are not shown in the illustrated
embodiment.

The left-ventricular electrode line 14 1s mntroduced by way
of the coronary sinus of the heart 10 and a lateral side branch
which branches from that coronary sinus, so that a tip
clectrode 20 of the left-ventricular electrode line 14 bears
against the left ventricle of the heart 10. Both electrode lines
are connected to a cardiac pacemaker 22.

In FIGS. 1a and 15, arrows show current paths and
voltage measuring paths which connect together those elec-
trodes which are used for recording the intracardiac imped-
ance pattern for the purposes of determining the optimum
biventricular stimulation mode.

FIG. 1a shows a quadropolar electrode arrangement 1n
which the pacemaker housing and the right-ventricular ring
clectrode 18 serve for the introduction of a two-phase pulsed
current for impedance measurement while voltage measure-
ment for determining impedance takes place between the
left-ventricular electrode 20 and the right-ventricular tip
clectrode 16.

FIG. 1b shows an alternative tripolar arrangement in
which voltage measurement takes place as in the case of the
quadropolar arrangement of FIG. 1a between the left-ven-
tricular electrode 20 and the rnight-ventricular tip electrode
16. The current which 1s of a two-phase pulsed nature 1s
however introduced between the left-ventricular electrode
20—which thus performs a dual function—and the right-
ventricular ring electrode 18.

FIG. 2 shows a greatly simplified block circuit diagram of
the cardiac pacemaker 22. The cardiac pacemaker 22 1s
provided 1n the usual manner with connections 24 and 26 for
the right-ventricular and left-ventricular electrode lines 12
and 14 respectively. The connection 24 in this case 1is
two-poled 1n order separately to contact the two electrodes
16 and 18 of the right-ventricular electrode line 12. There 1s
also an atnial electrode line connection 28. The cardiac
pacemaker 22 has a right-ventricular stimulation unit RVP,
a left-ventricular stimulation unit LVP, a ventricular detec-
tfion unit VS, an atrial stimulation unit AP and an atrial
detection unit AS. Those stimulation and detection units are
connected 1n the manner shown 1n FIG. 2 on the one hand
to the electrode line connections 24 through 28 and on the
other hand to a control unit 30. The control unit 30 includes
sub-units 30a which serve for the actuation of the atrial
stimulation unit AP or for recording atrial events by means
of the atrial detection unit AS.

Connected to that atrial control portion 30a 1s a sub-unit
304 of the control unit 30, which functions as a ventricular
control portion. The ventricular control portion 305 1s con-
nected to the ventricular detection unit VS and the two
ventricular stimulation units LVP and RVP. In addition the
ventricular control portion 1s connected to an impedance
detection unmit 34 which 1s to be connected by way of a
change-over switch 36 with a change-over switching contact
38 to the electrode line connection 24 and a further change-
over switching contact 40 to the electrode line connection
26. That makes it possible to detect the intracardiac imped-
ance by way of the tip electrode of the left-ventricular
clectrode line 14 and by way of the ring electrode of the
right-ventricular electrode line 12. In one switching position
of the change-over switch 36 the impedance detection unit
34 1s connected to the specified electrodes while 1n another
switching position of the change-over switch 36 the right



Us 7,330,759 B2

7

and left ventricular stimulation units RVP and LVP are
respectively connected to the specified electrodes.

A third change-over switching contact 42 serves to con-
nect a constant current source 44 to the tip electrode of the
right-ventricular electrode line 12. The other pole of the
constant current source 44 1s connected to the pacemaker
housing. In the switching position (not shown) of the third
change-over switching contact 42, a current 1s produced
between the pacemaker housing and the tip electrode of the
right-ventricular electrode line 12 by way of the constant
current source 44 for impedance measurement purposes.
That constant current results in a voltage drop which 1s to be
measured by way of the impedance detection unit 34 and the
tip electrode of the left-ventricular electrode line 14 as well

as the ring electrode of the right-ventricular electrode line
12.

The constant current source 44 1s so designed that it
produces bi-phase current packets of a total of 30.5 us in
duration. Those bi-phase current pulses are repeated at a rate
of 128 Hz. The current strength 1s sub-threshold and 1is
preferably 200 pA.

The impedance values recorded by the impedance detec-
tion unit 44 are combined to provide an itracardiac imped-

ance pattern which 1s subjected to low pass filtering with an
upper limit frequency of 10 Hz.

Controlled by the control unit 30, for various biventricular
stimulation modes, ntracardiac 1mpedance patterns are
respectively detected and averaged over a plurality of car-
diac cycles (1n a respective stimulation mode). The above-
mentioned parameters Z.pn, Zro, 1oy £ T Zrc—Zrr,
ZES_ me (ZES_ me)/ TES: (ZES_ me)/ (TES_Tmz'H)! Z'm.ﬂ:
7" T _—andT"  are formed from those averaged, low
pass-liltered implants; see FIG. 3.

In each case the maximum of the second derivative of the
intracardiac impedance pattern Z"  1s stored for a respec-
tive biventricular stimulation mode. The control unmt 30
determines Z" _  for all available biventricular stimulation
modes. The control unit 30 determines the maximum of that
second derivative, ascertained in that way, of the intracar-
diac impedance pattern Z" ___and 1n that way determines the

associated biventricular stimulation mode as optimum.

The various stimulation modes differ in that either no or
only the right, only the left or both ventricles are stimulated
by way of the ventricular stimulation units LVP and RVP. In
the case 1n which both ventricles, that 1s to say both the right
ventricle and also the left ventricle of the heart 10, are
stimulated by means of the two ventricular stimulation units
RVP and LVP, the ventricular stimulation modes differ by
the delay time with which the left ventricle 1s actuated by
way of the left-ventricular stimulation umt LVP after the
right ventricle by means of the right-ventricular stimulation
unit RVP. In other words: firstly the right ventricle 1s
stimulated by way of the night-ventricular stimulation unait
RVP, then the interventricular delay time elapses, and finally
the left ventricle 1s stimulated by way of the left-ventricular
stimulation unit LVP.

The optimum biventricular stimulation mode ascertained
in that way 1s automatically set by the control unit 30.

As an alternative thereto, i1t 1s also possible for the
detected values to be transmitted to an extracorporeal device
by way of a telemetry unit 50. In particular the extracorpo-
real device displays which biventricular stimulation mode 1s
involved at the time and which 1s the associated value 72" .
By way of the extracorporeal device a physician can actuate
a plurality of biventricular stimulation modes and determine
the associated values for Z"__ . In that way the physician
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8

can ascertain the optimum biventricular stimulation mode
and set 1t by way of the telemetry transmitter/receiver 50 and
the control unit 30.

It will be appreciated that the cardiac pacemaker 22
described herein can implement a large number of per se
known functions and in particular can be operated in all
known modes of operation, in particular DDD (as a dual-
chamber pacemaker) and VVI.

The pacemaker 22 1s adapted 1n particular to act on the
right and left ventricles by way of the corresponding stimu-
lation units RVP and LVP 1n atrium-synchronous relation-
ship. This means that right-ventricular and left-ventricular
stimulation pulses are triggered aiter the expiry of an
atrio-ventricular delay time (right ventricle) and an atrio-
ventricular and additionally an interventricular delay time
(left ventricle) respectively, which begins with an atrial
event detected by the atrnial detection unit AS.

Per se known mode switching into the VVI-mode at
pathological atrial rates 1s also provided.

Adaptation of the stimulation rate at which the pacemaker
22 stimulates the ventricles and optionally the atrium to the
physiological demand of the patient i1s preferably effected in
the manner of closed-loop stimulation, by the stimulation
rate being set by the control unit 30 in dependence on an
integral derived from the intracardiac impedance pattern.

Finally, the control unit 30 1s also adapted to monitor
stimulation success by evaluation of the intracardiac imped-
ance pattern and optionally to adapt the intensity of the
stimulation pulses delivered by the stimulation units AP,
LVB and RVP. That concept of capture control with adap-
tation of the level of stimulation intensity 1s known per se.
The control unit 30 1s also adapted to trigger a safety pulse
for the situation where the intracardiac impedance pattern
does not indicate stimulation success.

A second impedance detection unit 48 1s provided 1n order
to be able to already detect stimulation success during the
delivery of a ventricular stimulation pulse. The unit 49 1s so
connected that a short-term drop in 1impedance in the myo-
cardium 1s already to be detected during stimulation pulse
delivery or shortly thereupon, and to be evaluated as an
indicator 1n respect of stimulation success.

The range of additions to the cardiac pacemaker set forth
herein also 1include in particular such additions for develop-

ing the cardiac pacemaker to constitute a cardioverter/
defibrillator.

The mnvention claimed 1s:

1. A cardiac pacemaker comprising a stimulation pulse
generator (RVP; LVP) adapted for biventricular stimulation
of a heart, which 1s to be connected to at least one right-
ventricular electrode adapted for the stimulation of a right
ventricle of the heart and to at least one left-ventricular
clectrode adapted for the stimulation of a left ventricle of the
heart and 1s connected to a control umt and 1s adapted to
trigger right-ventricular and left-ventricular stimulation
pulses with an 1nterventricular delay time which 1s adjust-
able by means of the control unit, wherein the control unit
1s connected to an impedance detection unit which 1s
adapted to be connected to a plurality of intercardiac elec-
trodes and 1s adapted to form from an input signal formed by
the impedance detection unit and dependent on an 1ntracar-
diac 1impedance, an output signal indicating an optimum
biventricular stimulation mode,

wherein the control unit 1s adapted to adjust the interven-

tricular delay time at which a second derivative of the
pattern of the intracardiac impedance during a cardiac
cycle 1s at the greatest.
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2. A cardiac pacemaker as set forth in claim 1, wherein the
control unit 1s adapted to trigger various biventricular stimu-
lation modes and to evaluate the intracardiac impedance for
cach stimulation mode.

3. A cardiac pacemaker as set forth in claim 1, wherein the
control unit 1s adapted to form from an 1nput signal formed
by the impedance detection unit and dependent on the
intracardiac impedance, an output signal indicating an opti-
mum interventricular delay time.

4. A cardiac pacemaker as set forth in claim 1, wherein the
control unit 1s adapted to form from an 1nput signal formed
by the impedance detection unit and dependent on the
intracardiac impedance, an output signal determining the
interventricular delay time.

5. A cardiac pacemaker as set forth in claim 1, wherein the
interventricular delay time 1s adjustable at between 20 and
40 ms.

6. A cardiac pacemaker as set forth 1n claim 1, wherein the
stimulation pulse generator (RVP; LVP) 1s adapted to be
connected to different ventricular electrodes or ventricular
clectrodes which are variable in respect of their position 1n
the heart, wherein the control unit 1s adapted to evaluate
intracardiac impedances for various electrode configurations
or electrode positions and to indicate an optimum electrode
position or configuration.

7. A cardiac pacemaker as set forth in claim 1, wherein the
impedance detection unit 1s adapted to detect the impedance
by way ol voltage measurement which takes place between
two electrodes of diflerent electrode lines.

8. A cardiac pacemaker as set forth in claim 1, wherein the
cardiac pacemaker 1s adapted to produce a current between
a pacemaker housing and an intracardiac electrode {for
impedance measurement.

9. A cardiac pacemaker as set forth in claim 7 wherein the
clectrodes for voltage measurement are different from the
clectrodes for producing the current for impedance measure-
ment.

10. A cardiac pacemaker as set forth 1n claim 8 wherein
the cardiac pacemaker 1s adapted to produce a current for
impedance measurement, which 1s ol a substantially con-
stant current strength of between 100 and 500 pA.

11. A cardiac pacemaker as set forth in claam 10 wherein
the cardiac pacemaker 1s adapted to produce bi-phase cur-
rent pulses for impedance measurement.
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12. A cardiac pacemaker as set forth 1n claim 11, wherein
the cardiac pacemaker 1s adapted to produce the bi-phase
current pulses at a repetition rate of between 100 to 150 Hz.

13. A cardiac pacemaker as set forth in claim 12 wherein
the cardiac pacemaker 1s adapted to produce bi-phase cur-
rent pulses at a pulse duration of between 20 and 40 us.

14. A cardiac pacemaker as set forth 1n claim 1, wherein
the impedance detection unit or the control unit 1s adapted to

average the impedance 1n a time window of between 50 and
300 ms duration.

15. A cardiac pacemaker as set forth 1n claim 14 charac-
terized in that the impedance detection unit or the control
unit 1s adapted to start the time window with the detection
of a left-ventricular event (contraction).

16. A cardiac pacemaker as set forth in claim 14, wherein
the impedance detection unit or the control unit 1s adapted to
calculate an intracardiac impedance pattern.

17. A cardiac pacemaker as set forth in claim 14, wherein
the impedance detection unit or the control unit 1s adapted to
determine one or more of the following parameters of the
intracardiac impedance pattern: 7., Z oo, T ooy 7 (L1

ZED): (ZESmeH)3((ZESFZHTEH)/TES)! ((ZES_Z?HI'H)/(TES_
Tmz'ﬂ))! Z'max! Z"max 3 T'maxand T”max'

18. A cardiac pacemaker as set forth in claim 17 wherein
the cardiac pacemaker i1s in the form of a dual-chamber
pacemaker with at least one ventricular and one atrial
detection unit (VS, AS), for the detection of ventricular and
atrial events respectively.

19. A cardiac pacemaker as set forth 1n claim 18 wherein
the cardiac pacemaker 1s 1n the form of a rate-adaptive
cardiac pacemaker in which a stimulation rate 1s determined
on the basis of a measurement value which 1s characteristic
ol a physiological demand of a patient.

20. A cardiac pacemaker as set forth 1n claim 18 wherein
the cardiac pacemaker 1s 1n the form of a rate-adaptive
cardiac pacemaker 1n which a stimulation rate 1s set on the
basis of an evaluation of the intracardiac impedance, 1n such
a way that the vanation i1n the intracardiac impedance 1is
maximized.
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